Introduction
Placental remnants can be found after miscarriage, induction of labor, transvaginal delivery or cesarean section. [1] [2] [3] Broadly defined placenta accreta, which included placenta increta and percreta, was one of the main causes of placental remnants.
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Chen et al leaves the placenta adhered partially or totally in situ, with or without the assistance of methotrexate or uterine artery embolization (UAE) treatment, could lead to iatrogenic placental remnants. 5, 6 The diagnosis of placental remnants is still a clinical challenge. 3, 7 Currently, there is no consensus on the treatment of placental remnants after delivery. [2] [3] [4] Interventions performed at least 24 h after delivery were defined as delayed surgical interventions, which increase the risk of complications. 2 However, in some cases, the diagnosis was made after delivery, and the patients had to accept the delayed interventions, especially in referral hospitals where the referred patients could be several weeks or even months after delivery or termination of pregnancy. 7 Treatment priorities in these patients are unknown and need to be learned.
Clinically applied surgical treatments included dilatation and curettage (D&C) and hysteroscopy or laparoscopy (H/L) to remove the placental tissue. The non-surgical treatment of placental remnants commonly resembled the conservative treatment experience of placenta accreta, such as expectant treatment (assisted by selective UAE or not), which has been increasingly reported chronologically. 1 During the past 3 decades, the incidence of placenta accreta has obviously increased mainly due to the increased rate of cesarean delivery. [8] [9] [10] In China, as the two-child policy was implemented in 2016, the patients diagnosed with placenta accreta would select the treatment that could conserve their reproductive ability instead of peripartum hysterectomy. The incidence of placental remnants would also increase along with the increase in placenta accreta. Therefore, it is important to study the clinical efficacy of the delayed treatment of placental remnants and its effect on future pregnancies. However, there were limited studies regarding this topic, especially the outcomes of delayed treatments in the referral hospitals. 7, 11 This study retrospectively focused on the outcomes of the referral patients clinically diagnosed with placental remnants after termination of pregnancy at the second or third trimester. The clinical efficacy was compared between delayed surgical treatment and nonsurgical treatment. The long-term reproductive outcome was also analyzed for patients accepting different treatments.
Patients and methods
This was a retrospective cohort study. The medical records of the patients who were clinically diagnosed with placental remnants after termination of pregnancy at the second or third trimester from 2000 to 2016 in Peking Union Medical College Hospital (a tertiary referral teaching hospital) were reviewed. All of these patients were referral patients who had initial termination of pregnancy or delivery in other hospitals, and thus the treatments in our hospital were delayed treatments of placental remnants. The patients clinically diagnosed with placental remnants included: 1) during the delivery: had indications of placenta accreta or incomplete removal of the placenta and 2) postpartum follow-up: who complained of vaginal bleeding, abdominal pain, or fever. Imaging examinations such as Doppler ultrasound or magnetic resonance imaging (MRI) indicated placenta-like tissue inside the uterine cavity. The involved patient must accept non-medicine delayed treatment, including surgical and non-surgical treatments. Non-surgical treatment was mainly expectant treatment (await spontaneous expulsion of the placental tissue without application of medicine). Selective UAE was employed in some patients to assist the expectant process. The indications for selective UAE included: 1) an unsatisfactory decrease of β human chorionic gonadotropin (βHCG), 2) a plateau was reached for βHCG level, and 3) the intrauterine tissue had remarkable vascularity although the level of βHCG had become normal. Emergent angiographic selective embolization in cases of postpartum hemorrhage was not involved. Surgical procedures involved D&C and H/L to remove the placental tissue. Patients diagnosed with cesarean scar pregnancy were excluded from this study because these patients tended to have morbid placental accreta and should be discussed separately. The patients who had placenta intentionally left inside their uterine cavity due to bleeding during their delivery, were also not included in this study. The ethics committee of the Chinese Academy of Medical Sciences approved this study, and written informed consent was obtained from each patient for using their data and medical records in research.
Clinical efficacy
In the short-term follow-up, the patients' symptoms were carefully observed. If the βHCG level was elevated for the patient, it was tested every week until normal. The transvaginal color Doppler ultrasound was performed every month until the placental remnants were completely cleared. If the patient had abnormal vaginal bleeding, infection indicated by fever, abdominal pain or tissue discharged from vagina, the patient came to the clinic at any time. The ultrasound mainly measured the length, thickness and width of the residual placental tissue (the median diameter of the tissue was defined as an average of the three abovementioned diameters), the blood flow signal around the tissue (without blood stream, with minimal to moderate amount vascularity or with 
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Delayed surgical and non-surgical treatment of placental remnants marked vascularity compared to that in the myometrium) and whether the myometrium was thinner (defined as thinner compared with the myometrium around the placental lesion) or inseparable with the placenta tissue. Cure was defined as complete exclusion of the residual placental tissue indicated by the Doppler ultrasound.
The primary measurements assessing clinical efficacy were the postpartum interval for color Doppler ultrasound to become normal in the patients who were successfully treated by only one way of surgical/non-surgical treatments, and for patients who had termination of pregnancy at the second trimester, the postpartum interval for menstrual cycle to return to normal was also calculated. Patients with termination of pregnancy during the third trimester were not included because of postpartum lactation.
long-term pregnancy outcomes
A long-term follow-up was made by phone annually inquiring about future pregnancy outcomes. The patient answered the following questions in the phone follow-up: whether the patient desired another pregnancy after the delivery/termination of pregnancy, how many times pregnancies were conceived and the corresponding year and outcomes (miscarriage/ongoing pregnancy/live birth). Each patient gave an oral consent for publishing her data. The follow-up data have been updated to June 2017. Conception rate, the interval for future pregnancy and the obstetric outcome were the main indicators to evaluate future pregnancies. 
Results
Sixty-five patients met with the inclusion criteria, 39 of whom received non-surgical treatment, including 21 patients with single expectant treatment and 18 patients with expectant treatment assisted with UAE. The other patients had surgical treatment, 18 of them had D&C and 8 patients had H/L operations. Figure 1 shows the clinical outcome for patients after non-surgical or surgical treatments. All of the patients with single expectant treatment finally successfully evacuated their intrauterine tissue and were included in the final analysis. Three patients (one had expectant treatment assisted with UAE and two accepted D&C treatment) were lost in the short-term follow-up. They have not had their ultrasound followed until normal and were not successfully treated. Another three patients who initially accepted expectant treatment assisted with UAE were withdrawn because they required surgery before the placental remnants were completely cleared under ultrasound. These six patients 
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Chen et al were excluded in the analysis of clinical efficacy because they were neither entirely successfully treated nor successfully treated by one single treatment. The clinical features of the 65 involved patients are shown in Table 1 . Before treatment, nine patients with fever (six patients in nonsurgical treatment and three patients in surgical treatment) were diagnosed with infections, which were all successfully controlled by antibiotics. During the treatment, there was no patient diagnosed with infection.
Clinical efficacy
The clinical efficacy of delayed surgical/non-surgical treatment of placental remnants is demonstrated in Table 2 . It was shown that age and the postpartum interval between delivery/terminations of pregnancy to intervention were significantly different between the two groups. After controlling for age and the postpartum interval before intervention by analysis of covariates, it was detected that the postpartum interval for ultrasound (P=0.353) to become normal had no significant difference between patients accepting delayed surgical and non-surgical treatments. These results indicated that delayed surgical treatments applied at a median interval (MI) of 76 days (2.7 months) would not accelerate the clearance of intrauterine placental remnants.
For the patients who accepted non-surgical treatments (whether assisted by UAE) and who had termination of pregnancy at the second trimester (patients without lactation) (n=23), the postpartum MI for Doppler ultrasound to become normal was 3.6 months, which was significantly longer than the postpartum MI of 1.5 months for menstrual cycle to become normal (P=0.000).
Neither marked vascularity (odds ratio [OR] 1.054, 95% CI 0.366-3.040) nor indication of myometrium invasion under Doppler (thinner myometrium or inseparable myometrium with the placenta tissue) (OR 0.356, 95% CI 0.122-1.038) was the risk factor for the placental remnants to exist for .5 months postpartum.
In order to explore the differences between four specific therapeutic methods, analysis of covariates with the least significant difference test was utilized to compare clinical efficacy (Table 3 ). It was shown that expectant treatment assisted with UAE had significantly longer interval for ultrasound to become normal compared with single expectant treatment (mean difference 0.263, 95% CI 0.049-0.478, and the original data have been transformed with logarithmic 
Notes:
a analysis of covariates was used to control age and the postpartum interval between delivery/termination of pregnancy to intervention. Mean ± sD was used to describe normally distributed data and median (interquartile range) was used to describe non-normally distributed data. Significantly different data was shown in bold. 
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Delayed surgical and non-surgical treatment of placental remnants function) and D&C treatment (mean difference 0.267, 95% CI 0.009-0.526). The interval for menstruation to return to normal (after second-trimester pregnancy) showed no significant difference between different treatments. The MI between delivery/termination of pregnancy to determination of treatment for expectant treatment assisted with UAE and D&C treatment was 23 and 56 days, respectively.
For the three patients who were lost to short-term follow-up and were not successfully treated, one of them was diagnosed with sterility in the long-term follow-up and another two patients had intrauterine adhesion, one of whom had miscarriage. However, for the other three patients who required surgery after initial treatment of expectant treatment assisted with UAE, two of them desired another conception and both of them successfully conceived after an MI of 19.5 months. One of them conceived twice during the follow-up.
long-term pregnancy outcomes
The long-term follow-up inquiring about the outcomes of future conceptions was available for 83.1% (54/65) of the included patients. The median follow-up length for all patients was 37 months. As shown in Table 4 , the MI between delivery/terminations of pregnancy and another conception was 16 months (14.6 months for the non-surgical group and 19 months for the surgical group, P=0.429). For the patients who were successfully treated after treatments, the conception The time to conception was the interval between delivery/terminations of pregnancy and the time of a subsequent conception (months). no of person times means if the patient conceived twice after treatment, it was calculated as 2 person times. Median (interquartile range) was used to describe non-normally distributed data, such as follow-up length. Significantly different data was shown in bold.
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Chen et al rate (P=1.00), the interval for another conception (P=0.771) and the ongoing pregnancy/live birth rate (P=0.419) were all not significantly different between surgical and non-surgical treatments. All of the patients conceived naturally except one patient with in vitro fertilization due to polycystic ovary syndrome. The median follow-up length was actually shorter for patients after expectant treatments, mainly because as time went by, expectant treatment was increasingly employed at our department (P=0.018). However, the time for another conception (from the cure of placental remnants to another conception) was 12.5 and 17.5 months for non-surgical and surgical groups, respectively, with no significant difference between groups (P=0.771). For the 18 patients who successfully delivered after their future pregnancy, four patients (two patients after non-surgical and two patients after surgical treatments) had placenta increta/percreta complicated with the diagnosis of postpartum hemorrhage. No patient accepted hysterectomy due to the placenta increta/percreta. Placenta accreta occurred in three (one patient after non-surgical and two patients after surgical treatments) patients, and one of them had a second time D&C. The reoccurrence rate of broadly defined placenta accreta was not different between non-surgical (3/9=33.3%) and surgical treatments (4/9=44.4%) (P=1.00).
Discussion surgical treatment
There was no study comparing the clinical efficacy after different treatments of placental remnants, especially for patients who were facing delayed treatment. 2 Traditionally, we suppose that surgical treatments directly remove tissue from the uterus and would accelerate the interval for Doppler ultrasound to return to normal and therefore improve the fertility and obstetric outcome. Whether this experience fits for the patients who were referred to a tertiary hospital and facing the treatment choice at a delayed time point was unknown. The results of this study indicated that delayed surgeries employed at an MI of 76 days (2.7 months) after the termination of pregnancy might neither accelerate the clearance of intrauterine placental remnants nor advance fertility or obstetric outcomes compared with non-surgical treatments, as the clinical efficacy and reproductive outcomes showed no difference between surgical and non-surgical treatments.
The results of this study indicated that, for referral patients who were already 2.7 months after delivery/termination of pregnancy, surgery might not be a priority as it would not benefit the patient in clinical efficacy or pregnancy outcome. The result of this study should remind the doctors in tertiary hospitals who are facing the referred patients with placental remnants that surgery might not be the first choice all the time. Attention should be paid that this result does not fit for all of the patients after surgical/non-surgical treatment of placental remnants because the patients we included were all referred patients who were facing delayed treatments (the MI in this study was 2.7 months). Whether surgical treatments performed at an earlier intervention time point would accelerate the process and benefit reproduction need to be verified in future studies. expectant treatment (whether or not assisted by Uae)
The efficacy and reproductive outcomes of expectant treatment in patients with placental remnants who required treatment 2.7 months after delivery/termination of pregnancy have been testified by this study.
Clinical efficacy
The postpartum interval for Doppler ultrasound to become normal was significant because as long as there was residual placental tissue inside the uterine cavity, the patient had the possibility of intrauterine infection, vaginal bleeding and abdominal pain. 3 In the literature, for the patients preoperatively or intra-operatively diagnosed with placenta accreta and who had expectant treatment, it was reported that the median time for the placental tissue to be cleared was 3 months (1-5 months). 6 In this study, we showed a median postpartum interval of 5 months for the patients who had placenta remnants and accepted expectant treatment, which was in accordance with the literature.
Clinical course of the placental remnants
The result of this study demonstrated that the postpartum MI (3.6 months) for Doppler ultrasound to become normal was significantly longer than that (1.5 months) for menstrual cycle to return to normal, in patients who accepted expectant treatment whether assisted by UAE or not (P=0.000). This indicated that the clearance of the residual placental tissue was a slow progress, compared with the relatively faster progress for maternal menstrual cycle to return. On the other hand, it was shown that although the placental remnants were not completely cleared, the maternal menstrual cycle could return. In the literature, for the patients who accepted conservative treatment of placenta accreta in which the complete placenta was left in situ, the reported average time for menstrual cycle to return to normal was 4.5 months, and the placenta tissue was cleared at a median length of 9 months. 12 Both the results of this study and that in the literature showed a clinical phenomenon of a slower anatomic regres- 
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Delayed surgical and non-surgical treatment of placental remnants sion of placental tissue compared with the regression of hormone activity secreted by placenta. From these data, it could be seen that the postpartum follow-up for patients who had placental remnants was of great importance. After the menstrual cycle had returned to normal and the level of βHCG had decreased to normal, it still took some time for the placental tissue to be completely excluded. The follow-up was essential to avoid complications and to distinguish diagnosis from other diseases such as trophoblastic diseases. 13 Three of our patients who failed to finish the follow-up ended up with complication of intrauterine adhesion or sterility. Thus, we suggested patients to adhere to follow-up until the intrauterine tissue was entirely excluded and start to prepare for future pregnancy under doctor's advice.
assisted Uae in expectant treatment
Although assisted UAE was repetitively reported to be effective in the conservative treatment of placental accreta, 14, 15 whether the method could improve the reabsorption of placental tissue still remained to be verified. It was shown in this study that after expectant treatment assisted with selective UAE at an MI of 23 days, the interval for ultrasound to become normal was significantly longer compared with single expectant treatment. This result was surprising because assisted selective UAE did not accelerate the clearance of placental remnants inside the uterine cavity, instead it prolonged the time to clear the placental remnants compared with simple expectant treatments. However, this was in accordance with the results from previous independent studies. 6, 16 It was mentioned earlier that the median time for placental tissue to be cleared was 3 months (1-5 m), 6 whereas, if UAE was used as assistant treatment, the median time was reported to be 6 months (1-12 m), 16 which seems to be longer than the expectant treatment.
Besides, assisted UAE might have complications such as post-embolism syndrome, inadvertent embolization of the external iliac or iliac arteries, leg ischemia and necrosis of the uterus or buttocks. 16, 17 Routine application of UAE and its indications was still under controversy. According to the result of this study, assisted selective UAE treatment for placental remnants undergoing expectant treatment, especially in patients without the indication of massive vaginal bleeding, should be employed with caution. 16 
long-term pregnancy outcomes
Regarding reproductive outcome, it was traditionally thought that delayed treatment of placental remnants, especially expectant treatment, might increase the possibility of intrauterine adhesion and influence fertility. However, Barel et al 18 verified that there was no correlation between the intrauterine adhesion rate and the interval from suspicion of placental remnants to treatment. 18 The intrauterine adhesion was unable to be evaluated for each patient in this retrospective study. However, this study showed that the conception rate after expectant treatments of placental remnants could be as high as 94.1%. Consistent with this study, the reported conception rate of conservative treatment of placenta accreta was 88%. 19 The ongoing pregnancy/live birth rate in this study was as high as 71.4%, which was comparable with the corresponding rate of 73.2% in the systematic review of literature. 3 In Sentilhes et al's study, 19 131 patients were retrospectively included, and the median time for another conception after conservative treatment of placenta accreta was 17.3 months, which was in accordance with the MI of 15 months in this study. Actually, most of the patients would not plan another pregnancy soon after the cure of placental remnants. The time the patients choose for another conception was mainly dependent on the time the gynecologist suggested as safe and appropriate for another conception.
14 Besides, some patients would delay another conception by themselves worrying for another placenta accreta. This study reported that the reoccurrence rate of broadly defined placenta accreta was 33.3% after expectant treatment of placental remnants, which was in accordance with the reported rate of 22.8%-29% after conservative treatment of placenta accreta. 5, 7, 19 limitations The result of this study need to be interpreted with caution, as the sample size was small and some of the important differences need to be confirmed in future studies. The patients included had potential heterogeneity for they ended pregnancies for different reasons (Table 1) . However, it was believed that placenta was formed after the second trimester, and therefore, the etiology of placental remnants after the second and the third trimesters was believed to be similar, since both were after the formation of placenta. Therefore, the data of the second and third trimester were calculated together. Although an appropriate statistical method (analysis of covariance) was selected to control the confounding factors, the limitations of its retrospective nature could not be neglected. For example, the significant difference of age and the postpartum/interval from the termination of pregnancy to intervention could be well controlled in future cohort studies to reach a consistent baseline data and compare the effect of the treatment more directly. Many patients who had accepted treatment of methotrexate or misoprostol in the clinical course were excluded from this study, this was due to the controversy on the effect of medicine treatment for placenta accreta. 16, 20, 21 The complications of different treatments, especially the incidence of intrauterine adhesion was unable to be evaluated for each patient, due to the retrospective nature. The high conception rate to some extent reflects the low intrauterine adhesion rate, as the intrauterine adhesion was always related to infertility. 11 However, the post-treatment intrauterine adhesion should be evaluated by hysteroscopy in future studies.
Conclusion
The result of this study indicated that delayed surgeries performed at a postpartum interval of 2.7 months did not differ from expectant treatment with regard to the clinical efficacy and long-term pregnancy outcomes after treatment of placental remnants. The expectant treatment of placental remnants was feasible in selective referral patients who were facing delayed interventions, especially in referral hospitals. Further prospective studies are needed to verify the safety of expectant treatments in patients with placental remnants facing delayed interventions.
